Ca(2+)-dependent phosphorylation of myosin light chain kinase decreases the Ca2+ sensitivity of light chain phosphorylation within smooth muscle cells.
Myosin light chain kinase (MLCK) is phosphorylated in contracting smooth muscle. The rate of phosphorylation of MLCK is slower than the rates of increase in cytosolic Ca2+ concentrations and phosphorylation of the regulatory light chain of myosin in intact tracheal smooth muscle cells in culture. In permeable cells, increasing the Ca2+ concentration increased the extent of myosin light chain and MLCK phosphorylation. The Ca2+ concentration required for half-maximal phosphorylation was 500 nM for MLCK and 250 nM for myosin light chain. Addition of KN-62 or a synthetic peptide CK II, inhibitors of multifunctional Ca2+/calmodulin-dependent protein kinase II activity, abolished MLCK phosphorylation. Under these conditions, the Ca2+ concentration required for half-maximal light chain phosphorylation decreased to 170 nM. Thus, the Ca2+ concentrations required for MLCK phosphorylation are greater than those required for light chain phosphorylation in smooth muscle cells. Furthermore, phosphorylation of MLCK decreases the Ca2+ sensitivity of light chain phosphorylation. These results can be explained by a regulatory scheme in which calmodulin available for myosin light chain kinase activation is limiting. This is supported by the retention of calmodulin when tracheal smooth muscle cells and tissues are permeabilized in relaxing solution and by the low mobility of rhodamine-calmodulin in intact tracheal smooth muscle cells.